Abstract. -One of the main mechanisms of ultrasonic attenuation in molecular gases and liquids is due to a slow transfer of energy between external and internal degrees of freedom of molecules. In 1959 Liebermann propounded the extension of this relaxation to the solid state and used the approach soon derived in gaseous and liquid phases. A Boltzmann-equation approach is suggested here which makes it possible to consider this ultrasonic relaxation as an anomaly of the Akhieser loss. tloreover it is shown that anisotropy of the solid state does not act on the frequency dependence of the relaxational term but mainly on its magnitude whose expression used up to now is proving incorrect ; a new expression is given.
1. Introduction. -It is well established that a relaxation process may occur in molecular gases and liquids due to a slow transfer of energy between the internal and external degrees of freedom of molecules perturbated by an ultrasonic wave. In 1 1959 Liebermann suggested that this phenomenon might also occur in the solid state; moreover he Droposed the use of the phenomenological approach soon derived by 2 Richards in the aaseous and liquid phases to relate the ultrasonic absorption coefficient a and the relaxation time T. This relation may be expressed in the followin? way :
where :
. R and s are respectively the angular frequency and the velocity of the ultrasonic wave.
. C and Cv are the specific heats at constant pressure and constant volume P resnectively and C I the specific heat associated with the internal degrees of freedom of molecules.
This pioneering work of Liebermann has entailed a certain number of ultrasonic studies on molecular crystals and at the present time an ultrasonic relaxational behaviour has soon been identified in several com~ounds.
In this work, in contrast to Liebermann's approach, we suggest a solid state viewpoint to analyse this relaxation phenomenon. Molecular crystals may indeed be first of all considered such as dielectric crystals forwhichthe ultrasonic The standard u l t r a s o n i c experiments l e a d t o s t r a i n s which a r e t y p i c a l l y about
lod7 t o and t h u s Bol tzrnann equations may be l i n e a r i z e d ; under t h i s a p p r o x imation t h e c o l l i s i o n terms o f these equations may be d e s c r i b e d by t h e phonon c o l l is i o n o p e r a t o r M. Now i t can be shown i n a very general way t h a t t h e u l t r a s o n i c absorpt i o n c o e f f i c i e n t may be expressed i n terms o f t h e e i g e n v e c t o r s Xi and eigenvalues -l/ri (i = 1,p) o f t h e c o l l i s i o n o p e r a t o r F? i n t h e f o l l o w i n g way :
here :
. t h e e i g e n v e c t o r s X i a r e such t h a t t h e e i g e n v e c t o r s xi d e f i n e d by :
a r e n o r m a l i z e d v e c t o r s .
. p i s t h e d e n s i t y and yX i s d e f i n e d as f o l l o w s :
where and k a r e r e s p e c t
i v e l y t h e d i r e c t i o n s o f p o l a r i z a t i o n and o f p r o p a g a t i o n o f
t h e u l t r a s o n i c wave.
Eq. ( 2 ) has been o b t a i n e d by n e g l e c t i n g t h e group v e l o c i t y o f phonons which would l e a d t o t h e c l a s s i c a l t h e r m o e l a s t i c l o s s due t o t h e thermal c o n d u c t i o n
between t h e compressed and r a r e f i e d r e g i o n s . r The i n d e x " A " means t h a t t h e phonon X belongs t o a mode o f wave v e c t o r and p o l a r i z a t i o n a .
3. "Hard" d i e l e c t r i c c r y s t a l s . -The term "hard" suggested by Victor e t a~.~ will be used i n t h i s paper t o distinpuish two classes of d i e l e c t r i c c r y s t a l s : -Hard d i e l e c t r i c c r y s t a l s would be those in which the strenghts of the various bonds have the same order of magnitude.
-Molecular c r y s t a l s would be those in which strong bonds forming discernible u n i t s which may be termed "molecules" ( i n a broad sense) coexist which weak bonds which link these molecules. Now, we may assume t h a t i n hard d i e l e c t r i c c r y s t a l s the homogeneity of the strenqhts of the various bonds leads, on t h e anharmonic l e v e l , t o the homogen e i t y of the interactions between t h e nodes o r between the phonons. This assumption makes i t possible t o use the c o l l i s i o n time approximation which i s generally written i n the following way :
In f a c t t h i s formulation is s l i g h t y incorrect because i t can be shown 7 t h a t P I must possess a zero eigenvalue. The corresponding eigenvector i s given by :
where Cx i s the s p e c i f i c heat associated with the mode A. This property of M comes from a conservation law of the deformation energy ( t o the f i r s t order in s t r a i n ) which M obeys. Thus i t i s more consistent t o formulate the c o l l i s i o n time approximation by saying t h a t t h e c o l l i s i o n operator has the zero eigenvalue eigenvector X1 and a second eigenvalue (-1/G) whose eigensubspace has a degeneracy equal t o ( N -1 ) ; X i s the number of modes and f ? i s the mean lifetime of thermal phonons. With these assumptions, Eq. 2 gives : which i s the wellknown expression of the Akhieser loss. W e have put :
Molecular c r y s t a l s . -I t i s c l e a r t h a t the c o l l i s i o n time approximation f a i l s i n molecular c r y s t a l s f o r which the homogeneity o f the s t r e n g t h o f t h e various phonon i n t e r a c t i o n s no longer holds. Nevertheless i t i s possible t o o b t a i n i n t e r e s t i n g informations about the behaviour o f u l t r a s o n i c attenuation i n molecular c r y s t a l s
under l i g h t and r e a l i s t i c approximations : we may define a " c o l l i s i o n time approximation" r e s t r i c t e d t o the modes which are e f f i c i e n t l y coupled w i t h long wavelength acoustic modes. These modes X would be termed " e x t e r n a l " modes and d e f i n e a subspace E w h i l e t h e o t h e r modes would be termed " i n t e r n a l " modes and d e f i n e a subspace I .
Thus we may assume t h a t t h e c o l l i s i o n operator has a zero eigenvalue
( -1 /~~= 0 ) , a main eigenvalue ( -1 /~~= -1 / 0 ) and t h a t the other eigenvalues ( -1 /~~; i > 2 ) correspond t o slow r e l a x a t i o n times and a r e much lower than(-1/8). Two consequences may be deduced from the assumptions above :
i ) Phonons belonging t o the external modes are thermalized i n f a s t times (e) a f t e r a l a t t i c e deformation. Thus we may w r i t e :
i >2 XEE where p . a r e normalizing f a c t o r s which now contain a l l t h e hindered informations 1 about t h e c o l l i s i o n s between phonons. (We r e c a l l t h a t we normalize t h e vectors Ti).
i i ) GrUneisen parameters o f the i n t e r n a l modes may be neglected.
Thus Eq. ( 2 ) may be w r i t t e n i n t h e f o l l o w i n g way :
where nA i s the l o s s due t o t h e f a s t r e l a x a t i o n time 0 and aR i s a r e l a x a t i o n a l term given by :
Though normal i i i n g f a c t o r s U : are n o t e x p l i c i t , we know t h a t they o n l y depend on i n t r i n s i c p r o p e r t i e s of the c o l l i s i o n operator and thus we may deduce an i n t e r e s t i n g information about the r e l a x a t i o n w i t h the expression above : whatever would be t h e r e l a x a t i o n spectrum, the frequency dependence o f aR must s t a y invar i a n t under any change o f the d i r e c t i o n o f propagation o f t h e u l t r a s o n i c wave. Thus the anisotropy o f the s o l i d s t a t e can o n l y a f f e c t the magnitude o f the r e l a x a t i o n . Now i t would he i n t e r e s t i n g t o compare the expression o f the magnitude given by Eq. (11) w i t h t h a t proposed by Liebermann (Eq. (1))which has been used i n mostly previous papers on t h i s f i e l d .
Comparison w i t h
Liebermann's approach. -Liebermann's r e l a t i o n i s i m p l i c i t l y b u i l t on t h e assumption o f a s i n g l e r e l a x a t i o n time which leads i n our approach t o only three eigenvalues 0, -1/0 and -1 /~ for M. Moreover t o bring our expression of aR as close as possible t o Liebermann's one we will also assume that T corresponds to the rate of transfer of energy between external modes (carrying the energy U E ) and internal modes (carrying the energy UI) ; thus :
5
Now i t has been discussed in Ref. (5) 
To get an expression of aR in terms of thermoelastic quantities available in the experimental f i e l d we can express the generalized Griineisen t e n s o r < y . . > in 1 J terms of the specific heat a t constant volume Cv, the e l a s t i c constants C i j k l and the thermal expansion tensor Bkl using the following relation valid in the quasi-
Then with the help of Eqs. ( l l ) , (16) and (17) 
We t h i n k t h a t Eqs. (21) and (22) -F i r s t l y , f o r any r e l a x a t i o n spectrum i t has been shown t h a t t h e a n i s o t r o p y o f t h e s o l i d s t a t e m a i n l y a c t s on t h e magnitude o f t h e r e l a x a t i o n b u t n o t on i t s frequency dependence.
-Secondly, f o r t h e s p e c i a l case o f a s i n g l e r e l a x a t i o n t i m e i t has been p r oved t h a t t h e r e l a t i o n used p r e v i o u s l y i n t h i s f i e l d i s i n c o r r e c t and a new r e l a t i o n which t a k e s i n t o account t h e a c t u a l n a t u r e o f t h e s o l i d s t a t e has been given.
